We used a geometric modelling approach to investigate how changes in the frequency in the environment of foods with different nutritional profiles affect the regulation of macronutrient (protein and digestible carbohydrate) intake and the pattern of food consumption of fifth-instar nymphs of Locusta migratoria (L.) (Orthoptera: Acrididae). Two experiments were conducted, both with insects individually housed in arenas containing four dishes of chemically defined synthetic food. In one experiment two nutritionally imbalanced, but complementary, foods (high protein, low carbohydrate (P) and low protein, high carbohydrate (C)) were presented at different frequencies (4P:0C, 3P:1C, 2P:2C, 1P:3C and 0P:4C). The locusts regulated their feeding among the food dishes such that they defended their intake of both protein and carbohydrate, despite differences between treatments in the relative frequency of the two food types. In a second experiment, optimal (O) and suboptimal (either P or C) synthetic foods were paired in different relative frequencies. Despite the opportunity to ingest only optimal food, the locusts included suboptimal foods in their diet to varying degrees. However, they fed preferentially upon the optimal food when it was presented along with dishes of suboptimal food and they increased their fidelity to dishes of the optimal food as they decreased in frequency relative to dishes of suboptimal food. Patterns of consumption in both experiments were consistent with the control of food choices and intake being governed by a combination of known mechanisms, including direct metabolic feedback and learning.
We used a geometric modelling approach to investigate how changes in the frequency in the environment of foods with different nutritional profiles affect the regulation of macronutrient (protein and digestible carbohydrate) intake and the pattern of food consumption of fifth-instar nymphs of Locusta migratoria (L.) (Orthoptera: Acrididae). Two experiments were conducted, both with insects individually housed in arenas containing four dishes of chemically defined synthetic food. In one experiment two nutritionally imbalanced, but complementary, foods (high protein, low carbohydrate (P) and low protein, high carbohydrate (C)) were presented at different frequencies (4P:0C, 3P:1C, 2P:2C, 1P:3C and 0P:4C). The locusts regulated their feeding among the food dishes such that they defended their intake of both protein and carbohydrate, despite differences between treatments in the relative frequency of the two food types. In a second experiment, optimal (O) and suboptimal (either P or C) synthetic foods were paired in different relative frequencies. Despite the opportunity to ingest only optimal food, the locusts included suboptimal foods in their diet to varying degrees. However, they fed preferentially upon the optimal food when it was presented along with dishes of suboptimal food and they increased their fidelity to dishes of the optimal food as they decreased in frequency relative to dishes of suboptimal food. Patterns of consumption in both experiments were consistent with the control of food choices and intake being governed by a combination of known mechanisms, including direct metabolic feedback and learning.
 2001 The Association for the Study of Animal Behaviour
A general aim in the study of foraging is to develop models for predicting how animals respond to the quality, relative frequencies and distributions of potential food resources in the environment. However, the diversity of foraging processes among animals suggests that no single theoretical or experimental framework will be equally suited to all. In the study of carnivores, granivores and nectarivores, normative models predicting what an adapted animal should do under stipulated circumstances have met with success (Stephens & Krebs 1986 ). This is, at least partly, because for these feeding types food capture rates and handling times appear to be the primary factors limiting nutritional gain (Westoby 1974; Stephens & Krebs 1986; Berteaux et al. 1998) . Hence, realistic a priori models may be based on unitary nutrient currencies (e.g. energy) and simple choice criteria (e.g. maximization), ignoring the complexities of food composition and quality. For folivores, by contrast, such normative models may be less appropriate because the overriding criterion influencing foraging decisions appears to be nutrient balance (Raubenheimer & Simpson 1999; Simpson & Raubenheimer 2000) , and for the majority of leaf feeders too little is currently known to stipulate in advance what comprises a balanced diet and hence what it is that regulatory mechanisms have evolved to achieve (Raubenheimer & Simpson 1997) .
To deal with the interactions between the uptake and use of multiple nutrients, we have developed a geometric framework for studying nutrient balancing. Briefly, this approach involves measuring the optimal proportions and amounts of various nutrients that an animal can ingest over a stipulated time period. This measure (the intake target) is then used as a reference point for assessing empirically the relative weightings that the animal assigns to the different nutrient resources in circumstances when intake is constrained by, for example, nutritionally imbalanced foods, the presence of plant toxins, unfavourable food distributions or relative frequencies (Raubenheimer & Simpson 1999; Simpson & Raubenheimer 2000) . The framework differs from the normative models that have been applied in the optimal foraging literature in its emphasis on measuring, rather than assuming a priori, nutritional currencies and
